Two studies, in 1995 and 2000-02, were compared to assess changes in waist circumference in adolescents. Between the two time periods, waist circumference increased significantly in males at 13 years and in females at 14 years. Significant changes in waist circumference were observed during the study period; the rates of change were 0.53 and 0.86 cm/y in boys and 0.67 and 0.87 cm/y in girls. Future morbidity in adolescents may be affected due to accumulation of excess central fat.
Two studies, in 1995 and 2000-02, were compared to assess changes in waist circumference in adolescents. Between the two time periods, waist circumference increased significantly in males at 13 years and in females at 14 years. Significant changes in waist circumference were observed during the study period; the rates of change were 0.53 and 0.86 cm/y in boys and 0.67 and 0.87 cm/y in girls. Future morbidity in adolescents may be affected due to accumulation of excess central fat.
A bdominal adiposity is a component of the metabolic syndrome, already observed in children and adolescents. 1 Whereas the best methods for estimating abdominal fat are imaging techniques, an anthropometric surrogate (waist circumference) is used for population studies. For children and adolescents, data on temporal changes in abdominal adiposity are scarce. In British youth, McCarthy and colleagues 2 have observed trends in waist circumference that greatly exceeded those in BMI, particularly in girls. To establish preventive measure to fight childhood obesity and its consequences there is a need to monitor total and abdominal adiposity in children and adolescents. The aim of this study was to assess recent changes in waist circumference in Spanish adolescents.
METHODS AND RESULTS
In this study we consider data from two cross-sectional studies, both representative of Zaragoza (Spain). The first was conducted in 1995; 3 Weight and height were measured and the body mass index (BMI) was calculated. Waist circumference was measured with an inelastic tape: the subject was in a standing position, and the tape was applied horizontally midway between the lowest rib margin and the iliac crest, at the end of gentle expiration; 4 technical error of measurement was 0.95 cm, and reliability 98.0%. 4 The technical error of measurement was obtained by carrying out a number of repeated measurements on the same subject, by the same observer; the coefficient of reliability reveals what proportion of the between-subject variance in a measured population is free from measurement error.
For each survey we calculated means and standard deviations by sex and age. Comparisons were done by the Mann-Whitney U test. Multiple regression analysis was used to assess whether the effect of time in waist circumference changes was independent of the change in total adiposity assessed by the BMI; independent variables included in the regression model were BMI and the time when the waist measurements were taken. Table 1 shows changes in BMI and waist circumference in Zaragoza from 1995 to 2000-02. For waist circumference, absolute changes were significant in all the groups, except at 13 years in males; parallel changes were observed for BMI. For waist circumference, the rate of increase was 0.53 cm/y at 13 years and 0.86 cm/y at 14 years in boys, and 0.67 cm/y at 13 years and 0.87 cm/y at 14 years in girls. Regression models showed that changes in waist circumference during the studied period greatly depend on total adiposity assessed by the BMI (significant effect in all the age and sex groups, with p , 0.0001 in all cases). However, time period had a significant effect in males at 13 years (p = 0.022), and in females at 14 years (p = 0.001). The full regression models are available on request.
DISCUSSION
We found a trend to higher waist circumference values (central adiposity) in adolescents from Zaragoza aged 13-14 years, from 1995 to 2000-02. These changes were related to changes in total adiposity (BMI), but changes in waist circumference (abdominal adiposity) were independent of BMI changes, at least in some age groups. The observed changes in waist circumference measurements in the two cross-sectional studies were quite large; however, results in each survey and sex and age group also showed an important between-subject variability. The results observed in Zaragoza can be extrapolated to the rest of Spain, because Zaragoza is a representative city of the rest of the country.
Data on waist circumference changes are available only in British adolescents. 2 In 11-16 year old British adolescents, waist circumference increase rate was 0.345 cm/y in boys and 0.62 cm/y in girls. 2 The authors hypothesised that levels of physical activity have decreased faster in males than in females, and central fatness may be related more to physical activity than to energy intake. The rate of increase in our adolescents was similar to that observed in British girls.
It has also recently been observed in British children aged 2-5 years that mean waist circumference values were greater in 1995-98 that in a previous study conducted in 1987. 5 The proportional increase in waist circumference for each age-sex group generally exceeded the proportional increase in BMI.
The increase in waist circumference in our study probably reflects both visceral and subcutaneous fat and hence total fatness. The accumulation of excess fat predominantly in the upper body rather than in the peripheral region has been previously observed in our population. 3 From the scarce data in children and adolescents, it seems that paediatric populations of European countries experience a trend to increased general and abdominal adiposity. Current and future morbidity in our adolescents may be seriously affected due to accumulation of excess central fat. Prevention programmes should be tailored for use beginning in childhood. 
